Abstract. A descriptive study of the naturally invading and planted flora was conducted during 1984-1985 on a 14-and 21-year-old contour surface mine, the 14.2 ha Log Mountain Demonstration Area (LMDA), in Bell County, Kentucky. Six habitats are designated from areas created from coal mining; the 1963 bench, 1970 bench, bench highwalls, mine outslopes, mine seeps, and coal haul-telephone microwave tower road. Twenty-four of 25 woody and herbaceous species (11 indigenous, 13 non-indigenous) have persisted from plantings by personnel of the Northeastern Forest Experiment Station, USDA Forest Service. We recommend 11 native and exotic woody and herbaceous species for planting on coal surface-mined areas. An annotated list of vascular plants comprises 360 taxa (286 indigenous, 74 non-indigenous) in 224 genera from 82 families. Taxa consist of 1 LycopodiophY1a, 1 Equisetophyta, 8 PolypodiophY1a, 7 Pinophyta, and 343 MagnoliophY1a. The most species-rich families are the Asteraceae (64), Poaceae (39), Fabaceae (20), Cyperaceae (16), Rosaceae (13), and Lamiaceae (11). A total of 155 Bell County distribution records were documented. Three threatened Kentucky species ( Gentiana decora, Liparis loeselii, Si!ene ovata) were present in refugial habitats created by surface mining. The high species richness has resulted from native and naturalized invading species from the environs, native and exotic planted species, and species from the remnant seed bank. Forest vegetation is a complex mosaic of natural and semi-natural plant communrries on the unplanted and planted areas of LMDA .
Introduction
Coal mine operators have been required to reclaim and revegetate surface-mined spoils even before the passage of Public Law 95-87, the Surface-Mining Control and Reclamation Act of 1977 (SMCRA) . From 1963 From -1971 , the Northeastern Forest Experiment Station, USDA Forest Service, Berea, Kentucky, cooperated with several private coal companies in the planting of native and exotic 1 Paper presented at the 1996 National Meeting of the American Society for Surface Mining and Reclamation, Knoxville, Tennessee, May 18-25, 1996 . Publication in this proceedings does not preclude authors from publishing their manuscripts, whole or in part, in other publication outlets. 2Ralph L. Thompson 
484
reclamation species on five surface-mined sites in eastern Kentucky. Four of these surface-mined areas were selected as pre-SMCRA demonstration or research srres by the Federal-State lnteragency Research Coordinating Committee (FSIRCC). Reclamation goals were to prevent erosion and siltation, foster soil development and forest succession, provide suitable wildlife habitat, determine potential species for forest products, and contribute to landscape aesthetics.
We inventoried the entire flora of the Log Mountain Demonstration Area (LMDA), a 14-and 21-year-old pre-SMCRA contour surface-mined site in Bell County, Kentucky, during 1984 Kentucky, during -1985 . The LMDA constitutes 14.2 ha; a 9.1 ha area mined in 1963 and an additional 5.1 ha area mined in 1970. The original 9.1 ha area was selected by the FSIRCC in 1965 for reclamation plantings toward forestry postmining land use.
Our study objectives at LMDA were to: 1) report the success of planted native and exotic species after 14 and 21 years; 2) describe the establishment of native and exotic volunteer species; 3) describe the plant communities and plant succession in the different surface-mined habitats; and, 4) compile an annotated list of vascular plants.
Complete floristic inventories, vegetation development studies, and success of natural and planted species observations have also been made on an 18-year-old area-type mine in Laurel County (Thompson et al. 1984) . and on a 12-year-old contour surface-mined area in Rockcastle County . Assessments of experimental plantings at the Laurel County site and at a 20-year-old mined site in Bell County have revealed the potential of those sites for forestry, wildlife habitat, soil building, and site stabilization (Wade et al. , 1986 ).
Methods
We collected representative vascular plant specimens approximately every two weeks during the growing season from March 1984 through October 1985. Voucher specimens were processed according to standard herbarium procedures and deposited in the Berea College Herbarium (BEREA). Manuals used for plant identification were Gleason and Cronquist (1963) and Strausbaugh and Core (1978) . Plant classification and nomenclature follow Gleason and Cronquist (1991) .
The LMDA is divided into two contour-mined sites; "Site A" which was mined in 1963, and "Site B" which was mined in 1970. Reclamation woody plantations within these two sites are designated as "Areas 1-10." The physical environments which have developed on LM DA are designated as "habitats." In some cases, these "habitats" may cross the boundaries of both stte A and B, and different area designations may overlap, e.g., mine highwalls, outslopes, and seeps. Table 1 shows the pH of 30 soil samples from the surface layer (0-17 cm) in nine plantation areas in July 1985 at LMDA. Soil samples were analyzed from seven plantation areas on the 1963 site A bench, the mixed pine plantation above the 1963 highwall, and the 1970 site B bench (Dan Childress, NRCS Scientist, unpublished data 1985) . Table 2 reports the complete inventory of the entire 1963 site A bench in August 1985 for total seedlings, saplings, and trees by diameter at breast height (dbh). This census includes planted Areas 1-9. Percentage composition or relative density was calculated from the tree population results according to Brower and Zar (1977) . · Table 3 , the annotated list of vascular plants, is arranged alphabetically by division, family, and species. All non-indigenous taxa, naturalized or introduced, are preceded by an asterisk (*). Those 485 non-indigenous taxa planted as reclamation species are preceded by a (+). Native reclamation species planted on LMDA are coded by a circle (o). Bell County distribution records are indicated with a dagger (t). These county records are based on herbarium specimens on deposit at (BEREA), the University of Tennessee Herbarium (TENN), and the University of Kentucky Herbarium (UK), and on literature citations (Braun 1943 , Ettman 1976 , Cranfill 1980 , Hinkle 1975 , Beal and Thieret 1986 , Pounds et al. 1987 . Vernacular or common names follow Strausbaugh and Core (1978) , Gleason and Crinquist (1991) , and Swink and Wilhelm (1994) .
From field reconnaissance, we identified six different habitats on LM DA based on the effects of 1963 and 1970 mining procedures, reclamation processes, topographic terrain features, and present plant communities. In Table 3 , these six habitats are designated as: 1=1963 mine bench, 2=1970 mine bench, 3=mine highwalls, 4=mine outslopes, 5=mine seeps, and 6=coal haul-telephone microwave tower road.
Relative abundance for each !axon was determined by field observations from each habitat. Each taxon was compared with numbers of individuals or colonies from other taxa of similar growth habtt and duration. In Table 3 , the abundance scale values are: Rare (R)=1-5 individuals or isolated colonies, Infrequent (1)=6-25 individuals or colonies; Occasional (0)=26-100 individuals or colonies; Frequent (F)=100s of individuals or colonies; and Abundant (A)=1 OOOs of individuals or colonies.
The evaluation of native and planted species and plant successional trends are based upon our personal observation, tree sampling data, and unpublished planting documentation from the USDA Forest Service Northeastern Forest Experiment Station, Berea, Kentucky.
Log Mountain Demonstration Area
The Environmental Site
The LMDA, is a WNW-trending, 14.2-ha contour surface-mined area, which is located 18 km west of Middlesboro off Kentucky Highway 74 in southwestern Bell County. The mine lies wtthin the Log Mountains at Maiden Ridge at latitude 360 37' 05" N and longitude 850 51' 01" W. Elevation of the study site ranges from 850 m on the 1963 lower outslope to 908 m at the ridge crest bordered by the coal haul-telephone microwave tower road (Fig. 1 ) . Fenneman (1938) described the Log Mountains as a small mountain range near the middle of the broad syncline between the Cumberland Mountains and Pine Mountains of the Appalachian Plateaus Province. The upper slope and ridgetop forest of the Log Mountains are described as the All Deciduous Mixed Mesophytic Community Type of the Mixed Mesophytic Forest Region by Braun (1950) . The Cumberland Mountains have been described as the richest center of the Mixed Mesophytic Forest where several important canopy trees characteristically share dominance (Braun 1950 
486
Typic Udorthents. These soils are nonacid (pH 6.6-7.3) very deep (>60 inches ), well-drained, and moderately permeable. They are found in coal-mined mountain ridges and slopes within the Cumberland Mountains (Childress 1992 ).
Climate. The nearest Unrred States Weather Bureau station is located at Middlesboro at 358 m elevation. During the 1961-1990 period, the mean annual precipitation was 130 cm including a mean of 37 cm snowfall. Mean annual temperature was 13_3oc with the mean winter minimum _4oc and the mean summer maximum 23°C. The mean growing season (based on ooC) was 170 days (University of Kentucky Agricultural Weather Center 1995).
LMDA Mined Sites
Surface-mining was done at two different time periods at LMDA. In 1963, Site A, an area of 9.1 ha was created by the contour mining of the Red Springs coal bed. A 16 m WNW vertical highwall was formed by the final mining cuts. The nearly level bench extends from the highwall to a steep 35-50 percent outslope at 866 m elevation. This outslope was produced from excess overburden spoils pushed over unmined forest soils.
In 1970, Site B, a iract of 5.1 ha, was formed by the contour mining of a thin, unnamed rider coal seam above the Red Springs coal bed. Part of the 1963 highwall was included in this mining. A second vertical W-trending 4 m highwall and a 2-6 percent sloping bench were created. Elevation varied from 878 m on the bench to 882 m at the top of the highwall. Additional mine spoils were displaced over the 1963 highwall area to form a steep 20-35 percent outslope down to the 1963 mine bench.
A continuous highwall was formed from the 1970 mining and 1963 mining of Log Mountain at the junction of the forested ridge top at Maiden Ridge. A compacted gravel-stone road inttially used as a coal haul road presently serves as an access road from the telephone microwave tower to Kentucky Highway 74. This access road forms the eastern boundary of the LMDA and lies on the ridgetop of Log Mountain and Maiden Ridge (Fig. 1 ) .
A 4. 7 ha stand of mixed mesophytic hardwood forest lies above the highwall habitat between the access road. This forest has been disturbed from the mining processes by soil scraping, coal haul road construction, and past timbering practices. Wet seep pools have formed on the 1963 site A bench from the highwall in two planted areas, and on the 1970 stte B bench at the highwall base.
From LMDA, we have designated six habttats from the 1963 and 1970 mining procedures, topographic features, reclamation processes, and existing plant communities: the 1963 mine bench, 1971 mine bench, mine highwalls, mine outslopes, mine seeps, and coal haul-telephone tower road.
LM PA Revegeta!ion Efforts
Twenty-five species were planted during 1964, 1965, 1971, and 1984 on the LMDA. These species consisted of 11 native trees, four nonindigenous trees, two non-indigenous shrubs, and eight non-indigenous perennial herbs.
All 25 species have been recommended for revegetation of surface-mined lands in the eastern United States (Vogel 1981 ).
In the spring of 1964, the 1963 site A mined area was seeded wtth Korean lespedeza (Lespedeza stipu/acea) and tall fescue ( Festuca elatiot') tor initial ground cover. In 1965, 10 demonstration areas were established and 13 woody species were planted to promote postmining forestry land use (Fig. 1 ) 
LMPA Minesons
Minesoils are representative of the Fairpoint soil series derived from siltstone, sandstone, claystone, and coal intermixed with original forest soils. From the soil analysis of the 30 samples at LM DA, the mean pH value of the 1963 bench, 1970 bench, and 1963 highwall was 6.1 with a range from 4.0 to 7.7 pH. The mean pH value on the site A bench was 6.4 and varied from 4.9 to 7.7 with some free carbonates present. On the site B bench, the mean pH value was 5.7. The mean pH of the 1963 highwall mixed pine plantation was 4.3 and a range from 4.0-4.9 (Table 1 ). In general, the LMDA minesoils are less acid than unmined contiguous areas because of the basic nature of the carbonates contained in some of the Fairpoint soils (Dan Childress, NRCS Scientist, unpublished data 1995) .
Results

LM PA Habitats
In 14 and 21 years after coal mmmg, a complex vegetatioilal mosaic of natural and seminatural plant communtties is developing in the seven habitats from the mining effects and reclamation processes. Plant communities are progressing through various seral stages of secondary succession toward a young mixed hardwood forest throughout the planted and unplanted mine habitats.
1963 Sjte A Bench. Environments range from seasonally hydric sites near the highwall and open grassy xeric areas near the outslope to mixed mesic forested areas. A tree population analysis of 7,320 individuals reveals the development of a young mesophytic hardwood-dominated forest. Different degrees of canopy closure occur from volunteer native and exotic woody and herbaceous species from the contiguous forest environs, the nine woody plantations, and the existing spoil seed bank ( Table  2 ). The highest species richness, 223 taxa, is found on this habitat (Table 3) .
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The most signtticant native trees colonizing the 1963 bench are white ash, yellow poplar, sugar maple, black locust, red maple (Acer rubrum), and Virginia pine ( The nine woody demonstration areas are discussed regarding the success of the planted species and the influence of native and exotic species. Three Kentucky endangered species are present on the 1963 bench habitat that were not encountered in the unmined environs.
Area 1 · Mixed Hardwoods. The four tree species planted in blocks are yellow poplar, American sycamore, northern red oak, and European black alder. Yellow poplar is volunteering and reproducing on the bench while exhibiting excellent growth. American sycamore has persisted with only fair to good success and is not volunteering on the site. Northern red oak has rather poor growth and appears stunted. European black alder, an actinomycete nttrogen-fixing tree, is 489 spreading vegetatively and by seed although some older trees are senescent. Crown-vetch plantings have spread but are suppressed by the lush, dense growth of mesic woodland herbs. Two endangered species for Kentucky, ovate-leafed catchfly (Silene ovata) and Appalachian showy gentian ( Gentiana decora), are growing in the mixed hardwoods plantation at the base of the 1970 outslope.
Area 2· Black Locust. The stand has good growth in height, 6-8 m, and is present in all size classes from 1-5 dm dbh on the bench (Table 2) . Planted and volunteer trees have reproduced vegetatively and from seed. Black locust is especially important where bench soils have slumped onto the 1963 outslope.
Area 3: American sycamore. Sycamore ranges from 4-7 m in height and 1-2 dm dbh, but only had fair growth success. Area 3 appears to have droughty, shallow soil with a good stand of tall fescue, sericea lespedeza, Korean lespedeza, and white sweet clover.
Area 4: Northern red oak. Most red oak has rather poor growth wtth most trees less than 3 m tall and only a few trees 1-2 dm dbh.
Area 5: Scotch pjne. This introduced pine has exhibited good growth with 9-11 m height and several trees in the 2-3 dm dbh size class. Although ovulate cones are produced, Scotch pine is not reproducing from seeds in cones (Table 2) . Tall fescue dominates under trees, and several woodland herbs are present near the outslope. A wet seep depression near the highwall contains several wetland species. Creeping foxtail has locally become established and expanded tts area from the Scotch pine plantation into the yellow poplar plantation (Thompson and Thieret 1986a) .
Area 6: Yel!ow poplar. Some trees of yellow poplar have excellent growth with some 8-14 m tall and 3-4 dm dbh. It is also an important invading species. Several mesic woodland herbs are present along the outslope as well as wetland herbs from the highwall seep habitats, the yellow poplar plantation, and the Scotch pine plantation.
Area z· Autumn olive. This actinomycete nitrogen-fixing species has migrated from its plantation and spread into adjacent Areas 3, 6, and 9. Autumn olive characteristically has some dieback, but is readily reproducing vegetatively and from seed.
Area s· Bicolor lespedeza. Nttrogen-fixing bicolor lespedeza has migrated from subplots 3, 4, and 5 and spread into Areas 1 and 6. As it has spread, considerable root resprouting has occurred from old decadent stems.
Area 9: Norway spruce. This introduced spruce has growth comparable to the Scotch pine. Some taller trees are 12-13 m high and several are in the 2-3 dm dbh class. Although Norway spruce is producing ovulate cones, tt is not reproducing from seeds.
1970 Stte B Bench. The 1970 bench is rather open, dry, and grassy with numerous dense black locust and blackberry thickets near the outslope and highwall. A good ground cover has developed from the hydroseeded tall fescue, sericea lespedeza, Korean lespedeza, red clover, and black locust. The 490 annual white and yellow sweet clovers have thinned out, but are still persisting. Black locust developed dense seedling thickets within six to eight years and has currently formed a partially closed canopy. The seven tree species interplanted in the 1984 plots have not had enough time to influence the bench vegetation. In one year, white ash, yellow poplar, and sugar maple are growing well: but, northern red oak, blac~ walnut, and eastern white pine are barely pers1st1ng. Saw-tooth oak did not survive in any of the one-year-old tree plots.
Plant communities are composed mostly of volunteering, mid-successional, native woody plants and invading native and exotic herbaceous species. Successional trees invading the 1970 bench include red maple, white ash, yellow poplar, sugar maple, wild black cherry, and sourwood. Allegheny blackberry is the pre-eminent perennial forming dense thickets with glaucous greenbrier, northern dewberry, black raspberry, and multnlora rose (Rosa multiflora).
Several important herbs include tall fescue, broomsedge, oat poverty grass (Danthonia co'!1pressa), orchard grass (Dactylis glomerata), sencea lespedeza, cinquefoil ( Potentilla simplex), wild strawberry (Fragaria viginiana), and sticktights. Hairy white aster, Canadian goldenrod, and slender goldenrod are the most important members of the Asteraceae. The site B bench has the second highest species richness with 160 taxa (Table 3) .
Highwalls. Characteristic shade-intolerant woody invaders on the open highwall rim crest and in talus areas include Virginia pine, black locust, red maple, blackgum, sourwood, sassafras, and some shortleaf pine. Seral shrubs in open, grassy areas are poison ivy, winged sumac, smooth sumac, glaucous greenbrier, lowbush blueberry ( Vaccinium pal/idum), and St. Andrews-cross (Hypericum stragu/um). Perennial herbs on the steep highwall slope and upper rim include oat poverty grass, broomsedge hairy panicum, Allegheny blackberry, old-field goldenrod, tickseed sunflower ( Coreopsis major), and Small's ragwort (Senecio anonymus). Steep highwall talus and crevices are colonized by patches of the naturalized common dandelion ( Taraxacum officinale), coltsfoot ( Tussilago farfara), and Japanese knotweed. Ninety-eight taxa were recorded from the highwalls (Table 3) . Area 1 O: Mixed pjnes. The only plantation that was not established on the 1963 site A bench was a block pla_ntation of Virginia pine, shortleaf pine, loblolly pine, and eastern white pine. This mixed pine area was planted above the site A highwall adjacent to the disturbed mixed mesophytic hardwood forest. The forest soils are mostly unmined. The mean pH value is 4.3 and ranges from • V. officina/is L. Common Speedwell.
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Simaroubaceae (Quassia Family)
• Ailanthus altissima (Mill.) Relative abundance values: R=rare; !=infrequent; O=occasional; F=frequent; A=abundant. Habitats: 1=1963 bench; 2=1970 bench; 3=highwalls; 4=outslopes; 5=seeps, 6=access road.
[Note: Methods section].
4.0-4.9 which is the overall lowest pH sampled (Table  1 ) . Virginia pine exhibits vigorous reproduction and growth. It has spread by seed to the outslopes, highwalls, the 1963 bench ( (Table 3 ).
The black locust stand on the 1970 site B outslope at LMDA was one of several sites in the black locust provenance studies by Ashby et al. (1985) . Black locust was initially hydroseeded in 1971 on the 1970 outslope and_ bench. By 1977, black locust seedlings had grown through the tall fescue and sericea lespedeza to form dense seedling thickets. This black locust stand had a density of 716 trees per hectare with a third of the trees dead in 1982. Most of the 482 live black locust trees per hectare were less than 1.0 dm dbh. The shade-tolerant tall fescue dominated about one-third of the open areas. A rich cover of white snakeroot, orange jewelweed (Impatiens capensis), pokeweed, eulalia, and other woodland herbs covered the remainder of the area (Ashby et al. 1985) .
Sugar maple, red maple, white ash, and other more shade-tolerant volunteers, were replacing black locust. However, invasion was meager partly because of the vigorous herbaceous cover and scarcity of seed sources (Ashby et al. 1985) . Other invading trees documented in the stand were yellow poplar, wild black cherry, sourwood, blackgum, sassafras, autumn olive, red elm, and Virginia pine. Vines and shrubs included virgin's bower, American elderberry, wild hydrangea, summer grape, Virginia creeper, poison ivy, and common greenbrier (Ashby and Vogel, USDA, unpublished data 1992 (Thompson and Thieret 1986a) . The rare green twayblade (Liparis loeselit), is a new distribution record which was previously known from only a single county in Kentucky (Thompson and MacGregor 1986b) .
Coal Haul-Telephone Microwave Tower Road. This highly compacted access road is maintained in an early, pioneer seral stages from the continual disturbance by vehicles. Indicator herbs are mainly composed of many weedy native and exotic annuals, biennials, and perennials of the Asteraceae, Poaceae, Fabaceae, Rosaceae, and Polygonaceae. A few herbs found are common ragweed (Ambrosia artemisiifolia), daisy fleabane (Erigeron annuus), horseweed ( Conyza canadensis), Korean lespedeza, sericea lespedeza, wild carrot, English plantain (Plantago lanceolata), milk spurge (Euphorbia nutans), smooth crabgrass (Digitaria ischaemum). nodding foxtail (Setaria faberit), and tall fescue. This ruderal habitat had 104 taxa recorded (Table 3) .
LMDA Flora Summary
The annotated list is composed of 360 specific and infraspecific taxa in 224 genera from 82 families. A total of 74 species (20.6%) were nonindigenous introduced or naturalized ( 1964, 1965, 1971, and 1984 , are persisting at the LMDA through 1985. Several legumes are contributing to soil enrichment and community development. Several hardwoods and conifers are important to plant community structure and for potential forestry products. Woody and herbaceous exotic species are becoming locally naturalized and important in revegetation and plant succession on LMDA.
We recommend eleven successful planted species at LMDA for other contour surface-mined areas or similarly disturbed areas in the Cumberland Mountains. The plantings of tall fescue, sericea lespedeza, and Korean lespedeza, have been important for initial plant cover and site development throughout the LMDA habitats. Crown-vetch, red clover, wMe sweet clover, and yellow sweet clover, have enhanced overall cover, but to a lesser degree than tall fescue, sericea lespedeza, and Korean lespedeza. European black alder, autumn olive, and bicolor lespedeza are important soil enrichment species spreading on outslopes and benches. Black locust has significantly influenced the development of the young hardwood forest. This important early pioneering species contributes to soil nitrogenfixation processes, litter production from dead trees, and serves as a nurse tree for other species.
Sugar maple, yellow poplar, and white ash are important volunteers in secondary succession throughout the LMDA habitats. Virginia pine is an important invader in other mine habitats. Shortleaf pine has been less successful in survival and migration. Eastern white pine and loblolly pine have not survived well partly because of destruction during remining in 1970. Scotch pine and Norway spruce on the 1963 bench have potential for forest products although these introduced trees are not reproducing from their own seed sources.
We do not highly recommend some woody plantings that have persisted at LMDA until more experimental planting research has been done or other potential choices have been tried. American sycamore and northern red oak have not grown as well as several other planted hardwood trees on the 1963 bench. American sycamore, northern red oak, and black walnlut are not growing well on the 1984 block plots on the 1970 bench, although it is too early for final evaluation. The only planted species not recommended for planting is saw-tooth oak which did not survive at LMDA.
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LMDA as a Retugjum tor Rare Species
The Log Mountain Demonstration Area has provided new habitats for at least three Kentucky "endangered" plant species. The second Kentucky documentation of the green twayblade (Liparis loeseli1) was recorded in the sedge-rush 1963 bench seeps (Thompson and MacGregor 1986b} . The ovate-leaved catchfly (Silene ovata) and the Appalachian showy gentian ( Gentiana decora), were found on the 1963 bench (Table 3) . Wade and Thompson (1993) reported that five pre-SMCRA surface-mined sites in Kentucky have provided important habitats for certain rare plant species not found in the undisturbed or non-mined environs. All five revegetated pre-SMCRA coalmined sites in the Cumberland Mountains and Cumberland Plateau have provided habitats for one or more Kentucky endangered or threatened species listed by Warren et al. (1986) . None of these rare Kentucky species were found in the adjacent non-mined environs of these coal mined sites during the initial or subsequent reconnaissances. While presence of these rare species outside of the immediate environs is unreported or unknown, the establishment of rare species has occurred in habitats created on the pre-SMC RA coal mined areas in the Cumberland Mountains and Cumberland Plateau. The potential status of these rare species is not predictable because of continual vegetation development, potential environmental changes, or anthropogenical effects in the future .
We classify these restricted habitats created by pre-law surface mining in Kentucky as "refugia" where rare species have become established. These unique habitats have served as suitable refuges for certain rare plants that might otherwise have become more rare or even extirpated from the region. In Europe, abandoned rock quarries (Usher 1979 , Wariner 1983 , and surface-mined lands (Bruns 1986 , Dahl and Juerging 1982 , Sanderson 1992 have served as refugia for many rare species not found elsewhere.
LMDA Flocislic Richness
Species richness is a measure of success in the reclamation process in conjunction with natural plant succession. At the LM DA, the 360 species are comparable to two other pre-law coal mined sites in the Cumberland Plateau of Kentucky. A total of 350 species were found on an 18-year-old area-type surface mine of 14.0 ha in Laurel County (Thompson et al. 1984) ; 272 species were present on a 12-yearold contour surface-mined area of 2.5 ha in Rockcastle County . The Asteraceae, Poaceae, Fabaceae, Cyperaceae, and Rosaceae, were also the largest families on the other four pre-SMCRA mines sites in eastern Kentucky (Wade and Thompson 1993) . The 360 species at LMDA represent 11.5% of the total flora for Kentucky based on Browne and Athey (1992) .
A species-area curve was derived to compare species that were "found" with those "expected" in different-sized areas within the Western and Mixed Mesophytic Forest Region Thompson 1991, 1993) . We found that the actual species richness at the LMDA is only two percent less than species richness expected. At four other pre-SMCRA Kentucky surface-mined sites, species richness ranged from only three to 12 percent less than predicted. The 155 distribution records indicate the sparseness of plant collections and botanical exploration in Bell County.
LMPA Vegetation and Secondary Succession
The contour-mining and reclamation efforts have created six physical habitats with minesoils significantly different from the non-mined contiguous ridgetops of the disturbed mixed mesophytic hardwood forest. While contour-mining disturbance at LM DA removed most of the original soils with the geologic substrate, seed bank diaspores or propagules were intermixed with surface minespoils. Planted nitrogen-fixing trees and herbs helped ameliorate the rapidly weathering minesoils. Planted exotics and native invaders have influenced the species composition during the early secondary successional stages. Shade-intolerant, pine and hardwood seedlings have become established from wind-transported seeds and fruits.
The disturbed mixed mesophytic hardwood forest above the highwall is important as diaspore or propagule source for overall high species richness and natural successional trends at the LM DA. This forest has a well-developed canopy with seedlings and saplings evident, a sparse subcanopy and shrub layers, and a rich herbaceous layer. Important trees are sugar maple, red maple, yellow poplar, American basswood (Ti/ia americana), yellow buckeye (Aesculus f/ava), white ash, sourwood, red pignut hickory (Carya ova/is), white oak (Quercus alba), chestnut oak (Q. prinus), and northern red oak. Flowering dogwood ( Cornus florida) and eastern redbud are two important subcanopy trees. Shrubs and vines are common greenbrier, glaucous greenbrier, Virginia creeper, summer grape, and wild hydrangea.
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The forest vegetation at LM DA is a complex mosaic of natural and semi-natural plant communities in various of secondary seral stages in the LMDA habitats. Plant communities are the result of habitat diversity created by surface-mining, reclamation, and minesoil characteristics. High species richness is a function of volunteering species from the environs, planted reclamation species, and the remnant seed bank of the pre-mining habitats at LMDA. Species richness, vegetation development, and habitat diversity at LMDA are comparable to other pre-SMCRA surface-mined area in the Cumberland Plateau of Kentucky (Thompson et al. 1984 , 1986c , Wade and Thompson 1993 .
Qonciusjons
Several interrelated factors have been ascertained from descriptive research data of the pre-SCMRA Log Mountain Demonstration Area:
1 . Habitat diversity created by pre-law coal surface mining supports a high species richness comparable to the contiguous non-mined environs. 2. Habitats from pre-SMCRA mining serve as refugia for certain rare plants that are not present in the unmined contiguous habitats or environs. 3. The entire flora is derived from the remnant seed bank, native and exotic invaders from the environs, and the planted native and exotic reclamation species. 4. Plant communities are developing mainly through seral stages of secondary succession with the strong influence of the natural invading and planted native and exotic flora. 5. Vegetation is a complex mosaic of natural and semi-natural plant communities progressing toward a young mixed hardwood forest on the planted and unplanted surface-mined habitats. 6. Twenty-four of 25 native and exotic species have persisted from plantings by personnel of the USDA Forest Service. 7. Nitrogen-fixing species important for soil and site enrichment are black locust, European black alder, autumn olive, bicolor lespedeza, sericea lespedeza, Korean lespedeza, and red clover. 8. Native trees recommended as reclamation plantings for vegetational development are black locust, white ash, yellow poplar, sugar maple, and Virginia pine. 9. Naturalized herbaceous taxa recommended for reclamation ground cover and pioneer species are tall fescue, sericea lespedeza, Korean lespedeza, and red clover. 10. Introduced woody trees recommended for potential forestry products are Norway spruce and Scotch pine.
